Introduction
The authors are to be congratulated on producing an ingenious design for the testing of complete contacts under fretting fatigue. 1 The apparatus is relatively straightforward in design and yet is capable of producing results for a wide range of test conditions; and, it is always helpful to see new experimental test results being made available in the literature. But, although the title mentions only the fretting device, a great deal of the paper is concerned with the interpretation of the data found, and we feel that many of the results displayed could be made much more universal in their relevance and value.
The paper also describes a simple plain fatigue test, which exploits a bending stress field. The site of crack nucleation, whilst freely initiated, is localised by the incorporation of a mild stress concentration -a factor of 1.05. The stress field under these conditions is virtually uniaxial in nature throughout the region where the crack develops, and finds the fatigue limit to be fl a ¼ 517 Nmm À2 . These results are then compared with the lives obtained from the new fretting fatigue apparatus. However, cracks nucleate at the root of a cantilever in the fretting experiments, where the state of stress incorporates (as the authors note early on in their article) a stress singularity. Therefore, in the crack nucleation region a very complex multi-axial state of stress exists, with exceptionally sharp gradients. Of course, the singularity will be truncated by plasticity and the local root radius (which they estimate as 20 m), but it is very, very different in character from the uniaxial state of stress in the plain fatigue test; yet the authors compare the two on an S-N plot. Further, the notional value of the stress at the cantilever root is taken as that implied by elementary bending theory. Although this may be used as a measure of the state of stress at the cantilever root, it clearly provides no immediate quantification of the properties of the state of stress in that neighbourhood. When displayed in this form the data cannot easily be used in conjunction with any other design problem involving notch/fretting fatigue, and this seems a pity.
The authors recognise in their article the value notch mechanics might bring to this problem, and here we develop this theme. To do this we assume, for the moment, that the frictional interface at the root of the cantilever is completely closed and that slip does not occur. If this is the case the stress field near the sharp corner will be identical to that of a notch with the same total included angle in the solid as that which is formed by the contact-pair. We may then use Williams' solution 2 to represent the state of stress in the crack nucleation region, which, in the interest of brevity, is assumed here.
Stress intensity calibration
A two-dimensional idealised diagram of the test apparatus is shown in Figure 1 , where the key length dimension is taken as the cantilever thickness 2a. The notional clamping pressure we call p 0 , the cantilever length L, and the tip load P (force per unit width [FL À1 ]) with corresponding deflexion . A simple two-dimensional plane strain model of the problem was made using the commercial finite element program ABAQUS, according to the dimensions in Figure 1 , where the half-thickness of the cantilever specimen is a ¼ 5 mm, and the projecting cantilever length is L ¼ 200 mm. The calibrations for the generalised stress intensity factors along the bisector K I , K II at the contact corners were determined to be
where the upper sign relates to the upper corner and the lower sign to the lower corner. For this contactpair, of total internal angle 270 , the eigenvalues I , II are 0.5445, 0.9085, respectively.
The minimum coefficient of friction required to maintain adhesion at the contact edges can be determined from the eigenvector (and is denoted g I r , see Ref. 3) , and for a contact-pair of the relevant angle this value is g I r ¼ 0:543. If the actual coefficient of friction is lower than this, the contact edges will slip when the assembly is clamped together, and there will be ensuing fretting damage. The assembly will otherwise be stuck and the corner will be notch-like in its function, so long as K I 5 0 throughout the loading cycle. For this to be the case, and intimate contact be maintained to the contact edge without separation, the remote loads must satisfy the inequality (derived from equation (1))
For the fretting data plotted in Figure 8 of the original paper, the nominal clamping pressure is p 0 ¼ 100 Nmm À2 . Thus, in this case, separation will occur at the edge of contact when the magnitude of the cantilever tip load exceeds jPj ¼ 7:2N, which corresponds to an applied displacement of ¼ AE1:1 4mm, or an apparent bending stress at the notch root of a ¼ AE86 Nmm À2 . Separation, therefore, as well as the frictional slip and fretting damage that it produces, is implied to have occurred in all the tests that were carried out, as the original paper states that tests were conducted in the range 116 Nmm 
Alternative plotting of S-N curve results
Here, we simplify the analysis by assuming that the plastic region and internal process zone are sufficiently small for the hinterland to be controlled solely by the mode I stress field. We also assume that the region in which frictional slip, separation, or plastic yielding occurs is small compared with the region in which the dominant eigensolution controls the state of stress. With this in mind, the static stress field at the root of the cantilever, originating from the stated clamping pressure of p 0 ¼ 100 Nmm À2 , produces a mode I stress intensity of K I ¼ À49:6 Nmm À1:5445 . The amplitude of the variation of mode I stress intensity ÁK I to which the corner is subjected by the cantilever tip load P may be calculated from the elementary bending theory that is used to infer the (apparent) bending stress at the root of the cantilever a in the original paper. The relationship between the cantilever tip load P and the implied bending stress at the cantilever root a given by elementary bending theory is
Therefore, the amplitude (i.e. half the total range) of the variation in mode I stress intensity ÁK I resulting from the cantilever tip load P is given by
It is emphasised that the value calculated for ÁK I gives the amplitude of the variation of mode I stress intensity at the cantilever root and neglects the contribution to the state of stress intensity from the static clamping load p 0 .
We note that the asymptotic stress field controls only the conditions for crack nucleation. Therefore, only the data from Figure 8 of the original paper are re-examined and plotted in Figure 2 . The fatigue limit of a ¼ 172 Nmm À2 , which is stated in the original paper, corresponds to ÁK I ¼ 99:1 Nmm À1:5445 (from equation (4) 
Application to other geometries
The principal reason for advocating the use of asymptotic forms for the quantification of crack nucleation is that tests now reveal true material properties, which may then be used for design purposes with other geometries. Note that the fatigue limit found in this set of tests (in terms of K fl I ) is specific to the particular (static) clamping load that was used (K I ¼ À49:6Nmm À1:5445 ). However, it is not known how strong is the dependence of the fatigue limit K fl I on the static clamping pressure p 0 . In any event, suppose we take K fl I to be the fretting fatigue limit, and assume that we have the same geometry as used by the authors, but now subject it to a remote tension at the cantilever tip of magnitude 0 . Calibrations for the generalised stress intensity factors for this load case are
( ) ¼ À0:238 0:698 0:414 Ç0:168
where the calibration for p 0 is reproduced for the convenience of the reader (from equation (1)). (It must be noted that the calibrations for a bulk load 0 are very sensitive to the seemingly remote geometry and boundary conditions to an extent that the calibrations for the clamping and bending loads are not. Therefore, we note the boundary conditions for the model from which the bulk load calibrations were derived. These were zero horizontal displacement along the top and bottom surfaces of the two contact pads, and zero vertical displacement at a single point at the rightmost edge of the model along its horizontal centreline.) If we assume that the that variation in mode II stress intensity ÁK II does not influence crack nucleation, then the fatigue limit in terms of ÁK I derived from the cantilever bending test data can be applied to the new load case of a bulk stress applied to the end of the cantilever 0 . (The validity of the assumption that the mode I stress field controls crack nucleation can be investigated by analysing the mode mixity during the loading history (as in Refs. 5 and 6), but this analysis is not considered here for lack of space.) For instance, suppose that the same clamping load (p 0 ¼ 100 Nmm À2 ) is applied, and that the bulk load 0 is subsequently cycled in the fully reversing sense. Applying the fatigue limit derived from the bending tests (K If instead the tests run by the authors were assumed to be fully stuck, so that they represented notch conditions, then we could take K fl I to be the threshold for notch fatigue. Suppose, in this case, that we had a large plate, subject to remote cyclic tension of magnitude 0 , and that the plate incorporated a oblique edge notch of depth b, with a total included angle in the solid of 270 oriented at 30 to the edge normal. Calibrations of the generalised stress intensity factors for this configuration are given in Ref. 4 as
Suppose, then, that we assume an experiment is carried out in which b ¼ 10 mm, a (static) mean load of 0 ¼ À18:8 Nmm À2 is applied (producing a mean value of K I ¼ À49:6 Nmm À1:5445 , as in the bending tests), and that 0 is cycled about this mean value. Assuming, again, that the mode I stress field controls crack nucleation, the fatigue limit in terms of K fl I will remain unchanged. Applying the fatigue limit from the bending tests K fl I to the load case just mentioned, the implied fatigue limit is 0 ¼ 37:6 Nmm À2 . If fatigue data were collected for either of the load cases described above, they could be plotted on Figure 2 along with the bending data that are presented in the original paper using the representation in terms of stress intensity, i.e. ÁK I .
Conclusion
The authors are to be congratulated for designing a novel experimental rig for the testing of complete contacts under fretting fatigue. Here, we have identified some benefits of using an asymptotic approach to process the data collected from this test rig. The main advantage of this approach is the ability to transfer results over to similar geometries. In the interest of brevity we simplified our analysis by assuming that the mode I term in the asymptotic stress field controls crack nucleation. This is an assumption that can be investigated by determining the relative contributions of the mode I and mode II terms throughout the load cycle. 5, 6 Also, given that slip and separation are implied by the asymptotic analysis, further investigation of their extent of could be performed. 7 This will form part of a more extensive investigation beyond the scope of this discussion paper.
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